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Acceleration  (^G,)  induced  loss  of  consciousness  (G*LOC)  results  when  an  individual  is  exposed 
to  a  ievel  of  G,-stress  for  a  period  of  time  that  exceeds  his  body’s  neurologic  tolerance  to  such  stress. 
+  G^-stress  results  in  a  downward  displacement  of  blood  away  from  the  head.  This  may  result  in 
sufficient  ischemia  to  alter  normal  conscious  function  within  the  central  nervous  system  (CNS)  if  the 
stress  persists  for  a  sufficiently  long  period.  Alterations  in  pulmonary  ventilation-perfusion  may  also 
result  in  hypoxic  insult  to  the  CNS.  It  is  for  these  reasons  that  G-LOC  ntay  result  from  either  ischemia 
or  hypoxia  or  a  combination  of  both  ischemia/hypoxia,  depending  on  the  characteristics  of  the  +  G, 
exposure  profile. 

Burton  previously  defined  G-LOC  as  the  following  (1);  “a  state  of  altered  perception  wherein  (one’s) 
awareness  of  reality  is  absent  as  a  result  of  sudden,  critical  reduction  of  cerebral  blood  circulation 
caused  by  increased  G  force."  Based  on  the  characteristics  of  symptoms  associated  with  G-LOC, 
modification  of  that  definition  was  recommended  to  indicate  that  the  +G,-induced  ischemic/hypoxic 
insult  is  not  limited  to  the  cerebral  cortex  (2).  The  definition  of  G-LOC  therefore  becomes  "a  state  of 
altered  perception  wherein  (one's)  awareness  of  reality  is  absent  as  a  result  of  sudden,  critical  reduction 
of  central  nervous  system  circulation  caused  by  increased  G  force.* 

It  is  important  to  carefully  understand  that  G-LOC  refers  only  to  the  loss  of  conscious  function.  This 
is  the  highest  of  neurologic  functions.  Consciousness  is  a  separate  psychophysiologic  state.  Although 
intricately  intertwined  to  other  +G,-induced  ischemic/hypoxic  symptoms,  consciousness  does  not  per 
se  include  them.  It  is  considered  a  state  in  which  a  person  is  not  aware  of  any  sensory  impressions  and 
has  no  subjective  experiences.  This  is  an  extremely  difficult  condition  to  accurately  measure  even 
though  it  can  be  overtly  evident  when  it  is  observed  to  exist  in  an  individual.  One  person’s  knowledge 
of  another’s  state  of  consciousness  is  frequentiy  only  an  inference  based  on  observations  of  motor 
activity.  Based  on  the  above  description  of  unconsciousness,  it  is  essentially  impossible  to  subjectively 
or  objectively  determine  exactly  when  someone  else  becomes  unconsciousness  or  recovers 
consciousness.  Perhaps  individuals  like  fighter  aircrew,  whose  very  profession  depends  on  maintaining 
consciousness,  are  an  ideal  population  in  which  to  evaluate  loss  of  consciousness  phenomena.  They 
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are  extremely  motivated  to  maintain  consciousness  and,  should  it  be  lost,  they  are  exceptionally  eager 
to  demonstrate  the  moment  it  returns.  If  we  are  to  eventually  be  able  to  assess  whether  someone  has 
lost  consciousness,  it  is  important  to  describe  in  agonizing  detaii  and  as  compieteiy  as  possible  all  of 
the  observable  characteristics  associated  with  an  unconsciousness  episode. 

When  one  endeavors  to  understand  loss  of  consciousness  it  becomes  evident  that  it  is  so  intimately 
associated  with  other  CNS  functions  that  exclusive  Isolation  of  consciousness  is  difficult.  Consciousness 
results  from  fully  integrated  and  functional  circuits  within  the  CNS.  Any  breakdown  or  alteration  of  this 
integration  may  affect  consciousness.  Other  functions  may  be  concurrently  altered  or  altered  in  close 
temporal  association  with  G-LOC.  The  ischemic/hypoxic  insult  to  the  CNS  that  produces  G-LOC 
therefore  frequently  produces  a  complex  of  symptoms  and  characteristics  and  not  just  isolated  loss  of 
consciousness.  It  is  for  this  reason  that  the  phenomena  observed  in  association  with  -t-G,-induced 
ischemia/hypoxia  of  the  CNS  would  be  more  appropriately  termed  the  G-LOC  svr)drome.  Syndrome 
comes  from  the  Greek  syndrome  meaning  a  running  together,  which  is  exactly  what  the  symptoms  and 
characteristics  of  +  G,-induced  ischemia/hypoxia  certainly  do.  This  terminology  successfully  isolates 
unconsciousness  as  a  discreet  p>art  of  the  entire  syndrome.  The  G-LOC  syndrome  would  include  not 
only  the  loss  of  consciousness  but  also  the  loss  of  vision,  loss  of  muscle  control,  convulsive  activity, 
dream  phenomenon,  altered  memory,  and  other  symptorrts  which  may  occur  in  close  association.  As 
such,  the  G-LOC  syndrome  constitutes  all  the  symptoms  and  characteristics  resulting  from  the  irxJuction 
of  and  recovery  from  +G,-induced  ischemic/hypoxic  insult  to  the  nervous  system  (Figure  1).  By 
definition,  the  G-LOC  syndrome  is  the  spectrum  of  neuro-  and  psycho-physiological  changes  and 
symptoms  that  result  from  G-induced  alterations  in  the  supply  of  oxygenated  blood  to  the  central 
nervous  system.  Although  Figure  1  lists  only  the  currently  known  observable  symptoms,  the  G-LOC 
syndrome  includes  the  objectively  measured  changes  such  as  those  observed  using 
electroencephalography.  It  is  important  to  realize  that  the  known  symptoms  and  changes  associated 
with  the  G-LOC  syndrome  are  produced  frofn  a  r^atively  narrow  range  of  +G,-induced 
ischemic/hypoxic  exposures.  Additional  symptoms  and  changes  are  possible  as  other  exposure 
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envelopes  are  investigated  and  nevrer  experimental  measurement  techniques  are  developed.  It  would 
perhaps  be  more  appropriate  to  call  the  spectrum  of  changes  and  symptoms  something  other  than  the 
G-LOC  syndrome  since  indeed  G-LOC  need  rtot  be  a  part  of  what  happens  on  every  exposure.  The 
alternatives  might  be  the  G-induced  neurologic  alteration  syrtdrome  or  the  G-induced  hypoxia/ischemia 
syndrome  (or  others).  However,  G-LOC  is  a  well  established  term,  is  a  fighter  aviation  critical  event  and, 
therefore  is  not  unreasonable  for  reason  of  simplicity. 

An  additional  consideration  is  the  terminology  Involving  G-LOC  Itself.  Strictly  speaking  +  G, -induced 
loss  of  consciousness  refers  only  to  the  loss  of  consciousness  and  not  necessarily  the  subsequent 
unconscious  period.  The  loss  of  consciousness  initiates  the  unconsciousness  period.  It  is  a  point  or 
spanse  of  time  that  is  only  the  initiating  event  associated  with  -i-G,-induced  unconsciousness. 
+  Gj-ind  uced  unconsciousness  is  perhaps  more  appropriate  terminology  for  the  unconsciousness  period. 
The  previous  definitions  of  G-LOC  would  therefore  be  more  appropriately  applied  to  +G2-induced 
unconsciousness.  The  strict  definition  of  G-LOC  in  a  kinetic  sense  would  be:  The  point  or  spanse  of 
time  wherein  +Gj-induced  ischemia /hypoxia  results  in  a  transition  from  consciousness  to 
unconsciousness." 

With  respect  to  the  definition  of  G-LOC  (or  what  is  more  appropriately  termed  +G,-induced 
unconsciousness),  the  following  definition  is  suggested  asa  modification  of  that  previously  agreed  upon: 
a  state  of  altered  perception  wherein  (one’s)  awareness  of  reality  is  absent  following  a  sudden,  critical, 
G-induced  reduction  of  oxygenated  central  nervous  system  blood  flow  causing  interruption  of  normal 
integrated  neurologic  function.  It  is  important  to  understand  that  G-LOC,  -t-  G,-induced  unconsciousness, 
and  the  G-LOC  syndrome  are  neurologic  phenomenon  caused  by  alteration  of  neurologic  function.  This 
is  preceded  by  alteration  of  the  cardiovascular  system  but  the  primary  failure  is  neurologic.  The 
cardiovascular  system  does  not  generally  fail  in  G-LOC.  It  is  working  normally.  Although  methods  and 
techniques  to  support  the  cardiovascular  system  have  been  important  for  reducing  the  potential  for 
G-LOC  and  the  G-LOC  syndrome,  they  cannot  absolutely  prevent  them.  A  neurologic  tolerance 
enhancement  technique  on  the  other  hand,  although  ambitious,  could  prevent  these  alterations.  The 
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above  definition  of  G-LOC  is  an  attempt  to  enhance  the  notion  that  Intermption  of  integrated  neurologic 
function  is  the  key  factor  in  this  phenomenon. 

The  G-LOC  syndrome  associated  with  a  rapid-onset,  sustained  high  +G,  profiie  is  shown  In  Figure 
2.  The  complexity  of  the  entire  syndrome  is  evident.  The  importance  of  such  detailed  analysis  and  the 
requirement  for  careful  definition  of  all  terminology  cannot  be  overstated  if  G-LOC  is  to  yield  to  an 
ultimate  understanding  (3,4).  Such  analysis  is  tedious  arxf  requires  considerable  consistency.  This 
complexity  can  be  illustrated  by  examining  what  we  have  defined  as  the  absolute  incapacitation  period 
as  illustrated  in  Figure  3  (5).  This  was  called  absolute  incapacitation  and  loosely  equated  with  the  period 
of  unconsciousness.  Refraining  from  calling  this  period  unconsciousness  was  purposeful.  Absolute 
incapacitation  is  an  operational  measurement  subjectively  determined.  It  can  be  measured  by  observing 
when  an  individual  becomes  abruptly  unresponsive  and  coincidentally  loses  postural  tone.  Exactly  when 
the  individual  actually  loses  consciousness  may  be  somewhat  earlier  than  what  can  be  subjectively 
observed  or  even  objectively  measured.  Just  how  accurately  one  requires  to  determine  the  onset  of 
unconsciousness  depends  on  the  acceptability  of  such  subjective  measurements.  For  operational 
fighter  aviation  medical  purposes,  this  method  is  acceptable  since  it  is  probably  within  at  least  is  of  the 
onset  of  unconsciousness.  The  same  problem  exists  relative  to  exact  determination  of  the  recovery  of 
consciousness.  In  addition,  return  of  consciousness  is  very  deperxlent  on  the  definitions  employed. 
Our  subjective  measure  of  the  moment  of  return  of  consciousness  is  determined  by  observing  the 
subject  to  be  capable  of  being  responsive.  This  can  usually  be  done  within  a  Is  to  2s  accuracy. 
However,  if  unconsciousness  is  defined  as  a  state  in  which  a  person  is  not  aware  of  any  sensory 
impressions  and  has  no  subjective  experiences,  then  we  are  actually  over  estimating  the  duration 
unconsciousness.  When  the  subject  experiences  a  dream  he  is  technically  conscious  according  to  such 
a  definition.  The  'absolutely  incapacitated'  individual  has  a  subjective  experience  when  he  dreams.  As 
such,  he  would  be  'conscious'  at  this  time.  The  error  in  such  instances  depends  on  knowing  when  arxj 
how  long  the  dream  period  is.  This  is  not  currently  possible.  It  also  depends  on  how  we  define 
unconsciousness.  The  entire  G-LOC  syndrome  is  of  very  short  duration.  If  we  Ignore  any  persistent 
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psychophysiologic  effects.  Such  brevity  complicates  the  ability  to  make  all  the  measurements  of  all  the 
events  in  so  short  a  time  period.  However,  if  we  do  not  endeavor  to  at  least  begin  the  crude  description 
now,  we  could  never  hope  to  design  the  experiments  and  dever  devices  to  accurately  define  the 
complete  G-LOC  syndrome. 

One  of  the  major  considerations  for  establishing  the  terminology  “G-LOC  syndrome"  is  to  ultimately 
protect  fighter  aircrew  by  reducing  the  potential  for  subjecting  them  to  unnecessary  aeromedical 
evaluation  or  flight  duty  restriction.  The  symptoms  and  characteristics  of  the  G-LOC  syndrome  are  a 
“mini-simulation*  of  a  wide  variety  of  CNS  diseases  artd  abnormalities.  They  are  not,  however,  indicative 
of  any  abnormality  and  frequently  represent  the  normal  functioning  of  CNS  centers  released 
(disinhibited)  from  their  usual  control.  Regional  ischemic  differences  within  the  CNS  are  established  by 
+  G, -stress  and  dictate  the  nature  and  extent  of  the  G-LOC  syndrome  which  will  be  manifest  in  a  healthy 
fighter  pilot.  By  recognizing  that  such  characteristics  as  unconsciousness,  convulsive  activity,  and 
electroencephalographic  alterations  are  all  part  of  the  G-LOC  syndrome,  it  recognizes  them  as  being 
normal  responses  in  this  environment  and  not  reason  for  disqualification  or  further  aeromedical 
evaluation.  It  is  probable  that  additional  G-LOC  syndrome  symptoms  will  be  discovered  as  different 
+  Gj-profiles  are  developed  and  induce  unique  configurations  of  regional  CNS  ischemic  differential.  A 
detailed  understanding  of  the  characteristics  and  mechanism  of  +G,-induced  ischemia/hypoxia  in 
completely  normal  humans  is  key  for  supporting  fighter  aircrew.  Such  support  is  the  absolute  core  of 
our  duty  as  fighter  aviation  medicine  subspecialists. 
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G-LOC  SYNDROME 


Figure  1 .  The  G-LOC  Syndrome  Which  Includes  The  Actual  Alteration  Of  Or 
Loss  Of  Consciousness.  (The  Neurophysiological  Alterations,  Such 
As  Electroencephalographic  Changes,  Are  Not  Listed  Even 
Though  An  Integral  Aspect  Of  The  Overall  G-LOC.) 
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SUBJECTIVELY 
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G-LOC 


I 
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ACTUAL  PERIOD 
OF 

UNCONSCIOUSNESS 


Figure  3.  Illustration  Of  The  Potential  Error  In  Subjective 
Measurement  Of  Unconsciousness.  The  Accuracy  Of  Determining  The  Actual 
Period  Of  Unconsciousness  Depends  Upon  The  Definition  Of  Unconsciousness 
And  The  Ability  To  Measure  The  Phenomenon. 
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